
Rec'd PCT 



4 

2002 



RECD 2 1 OCT 2002 



jW(PO,, 1 / r~ BGT 



'^vY-^h — 



BS A^B OI-BH figJO| gj^ij. =ojgfg sggf 

This is to certify that the following application annexed hereto 
is a true copy from the records of the Korean Intellectual 
Property Office. 



S S! s 
Application Number 



^ojggl 20021* M 44828 
PATENT-2002-0044828 



i i ^ i I 

Date of Application 



2002tfl 07m 3om 
JUL 30, 2002 



m m 

Applicants) 

isfs/VVV-i,, 



91 



KOREA ATOMIC ENERGY RESEARCH INSTITUTE, et al 



2002 



08 



16 



[;[( — larPrJ 


pi- 

lc— -?i 





PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 



1020020044828 2002/8/17 

[aai^si mm 

0001 

[Hlft8ltt] 2002.07.30 

SSSS] A METHOD OF SEPARATING THALLIUM ISOTOPES USING LASER 

SYSTEM 

[§S2!3a 3-1998-007760-9 

[§S2JaE] 1-2001-015087-2 
[CHdISJ] 

[tig] ^ 

[ CH £l 2J 3^1 9-1998-000281-5 

[sa*|g)^S!S] 2002-018871-2 

[S3*|gJg^eiS] 2002-030359-1 

[tiBSI ^Sfi^l] §£9 
[tiS°l §ga;i] JEONG, Do Young 

[^&Je^fflS] 640124-1023911 

305-761 

i^±] CHS#ejAI 2"A 50 f]If§ 106-1006 

^1 KR *.r-**/ 

[^9 SI 9SSJI] KO.Kwang Hoon 

[^Sie^as] 690129-1046920 

305-503 

qhs&^ai s*otnm 30am 501s 

[s*=u kr C57t , r _ < ?r^ 



22-1 



1020020044828 fta| axh 200 2/8/17 

[gS2| a^H;i] LIM.Gwon 
[^EiM^ffl^I 690207-1405911 

301-152 

CHSihSIAI EH82§ ^¥0mm 2 5§ 91S 

f^^l . KR 

[BtSXH 

SgH^I] KIM.Cheol Jung 

[?2!f^ai] 511116-1037310 

305-755 

dhs^siai o\^m aaiomm 101-1803 
Wh\m=?} m=? 

(HI 2IS SSl&JAI- fi S?iUD. CH£l£i 
££J (oj) 

^i^ssis] 20 a 29,000 m 

Wfc»aa 4 a 4,000 a 

3 3= 0 >! OS! 

[£JA*S?S] 10 # 429,000 S 

[2PII1 462,000 SI 

[§¥AiW] 1. §AilAi(£S)_1S 



22-2 



1020020044828 



#^ ^i*>: 2002/8/17 



#o-),g-33^ ^-g^l^ ^-el^rf. 

**3. n^JL ^JZ*) ^* o].g-^ C^o} 203 T1 ^] 2 7} 7f^^cf. 

£ 1 
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1020020044828 ^ 2002/8/17 

ol-g-^: W ■S-BjlJ-^tt METHOD OF SEPARATING THALLIUM ISOTOPES 

USING LASER SYSTEM} 

£ 2^ q^jr ^ofl Sflo^ Jf£. oflui^] ti«0* J£<^ 

£ 4fe #^1 20mW*H 33<>1 lOmm-y 7}^-X\ o> ^] o] ^] 

» °l-8-*H M- *41€iM ^^j. q-Bf^ ziBfl = . 

H 5fe #§H 200mW<>H ^o] lOmm^ 7>-fA]o]- ^g^H^ 

» W ?fl<it& M-B}-^ n=. 

£ 6^ Nd:YAG 3H*i^ 1064nm 4^ &<H*i 72d 5/2 %^]^ 
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(b)fe 205 T1 ^€^1 ^fl^ ^-o]^ 

(c)fc 3H*1^ ^^Hr* 203 T1 ^€^*fl ^-^^m* *>fl3 ^-ol^ 

1 : IHP-^VI} *M8#*1 

2 : Tl 

3 : *U*Hfi -^H^eI 

4 : ^g^g 3H*|(cw laser) 

5, 6 : £ 3^ €^3H*1 

7 : t^l^ 

8 : Tl *l£r 

9 : 
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^£ W(Thallium) 3e|»<HH g£ ^o]^^. o] 

^^^^ €^fl«l7> 29.5%<£ 203 T1 4 s.7Hti]7> 70.5%<£ 2057!= j= ^jh 

^ -^H^s. ^^4. ^. 203 Ti ^^AS -fr-g-^ ^o.^ 201 

Tl ^-a>^ ^lla^S-Csource material)^ A}-g-£[T}. 20l T1 ^. 7>#71-^a>€ 

203 T1 o] S ^ofl 19-31 MeV ^^-fr S A>£|-Oc] 203 T1 ( p> 3n ) 

201x2^-0.0,) 4^ -a*** ^ ^€ *!^H ^ ^Tfl A r -§-s)^ SPECTCsingle 

photon emission computerized tomography) -§- 201xi f^Hi 20ixi ig-Apg 

€^sj &*) s)-^-#( label led compound)^. 

^# ^ot^ ^ l67.4keV^ 

(electromagnetic: EM^IM -frl^r 1 }. €^>7l^ ^^Sr ^ <>1H*13 ^l-Sr^o] 

3fe SM^-. oj ^ ^7>>7l^ 20^17] f^ofl 7fl^ 7]#S.Al ^ 
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^r€4i3 ^*>ifH 3H*i« ^a]^ S ^ ^^^1- ol^-sj- 
Al7l^L, ^X}^6\) ^7l^-# $17>*H ^7>^71S1 Jif-JlS ^ £^ 

^t^rfe €*>^7l ^ (atomic vapor laser isotope separation: 

AVLIS) 7l^o| ^"71 #Sfl^ ^7>7H ^"^t ^ $X?ct tflo>O.S. ^5)JL 

ofl»#6l 4,793,307 (1988), 5,202,005 (1993), 5,376,246 (1994) ^ 

5,443,702 (1995)fe ^ ^(mercury: Hg), 7>#a|^-(gadol inium: Gd), *l=:2^(Zr) 
^ ^H* (erbium: Er)€*r^ ^6\) tfl§H 7>=*lZL & cm*| , <g^-^-^#^ ^ 

7fl JP1999-99320A^r ^^m^ 4,793,307 (1988)^1^ 3L«?>^ <r£ ^fl-fl^ ^l^-sj. 
^^.(photoionization pathway)^)-^- cf-E- 7flAl§>31 ojt}. 

momentum), €*r^ -tf^l tfltr *l<a>M 

«H ^ ^^.g- 3g 7 >trl=f. ^l^tb ^7># ^*flA^ ^7 r ^^| ^-ft- 



1020020044828 *q <g*> ; 2002/8/17 

°l£r^ $fl7> &tf. nJ-^H, 4,793,307 (1988), 5,443,702 (1995)«IH A>*^ 

4#7fl ^o]^ s|]oi^ Tg-g. -g-eM] 2j-g-^ ^-f ^^4:71. nl ] o. ^. 

£ fit).. Stb 203 Tl-4 ™*n*\ ^^ 7] £ |e 7 1- h.= 1/2 a ^-^§1-71 

5,202,005 (1993H*| A>-g-^ z^g-^ <a«| 3- (angular momentum selection rule) 

^7fl ^2000-262866 Att 5,945,649<*IM jL<?>tr o)£- 

^-8: « «-eW ^-g-Srul $14. o]o,l 377.6nm 4^ # 
31 0 l*isq- 443. 7nm -e^Sl sj-^ sflo]^^ w>^^^ ig-g- 

± ^J^^AS 49000 cm-1 Hi s. BflBl (Rydberg) &$\3. <^7l J?:, <2} 

c^7l 4^«*fH 3H*1^ ^^Hr^r $^(26,477.6 cm" 1 ) A r 6 H i G Hz ifl^^ 
HM, detuning)-gr ^SrJL ^cf. o] 4^ 2 ^ 2^7> <*)7l(2-color 2-photon 
exciatio^^olcf, #7] • 866^:^ >H 2#7> «^ 7 1^ ol-g.^ ^.o. c^i^-g. 

4 fe^r 4jg}Aj 5L^ SM^H^r ell °1 ^ 7> ^E)o)l ^#^1 

(Fourier-transform limited bandwidth)^ 7>^>^- *14ji SH^) «H , ¥ 

7-171- Ai-S-^aKcounter-propagate) «H<:>>tr4. ^^Wsf ^TJr^S. ^El o] 2 ofl 

^Sfl ^3*1 o]^- (Stark shift)£r 2~%*\ <^7lJL^ 3.711 ^^M^lfe 
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<32> zLfi]i^ Pfl^ ifltffl^ ^ *>£^- ^ efloi^^ ^ t^H^* 

£4. 2t t^iis. *fe 3 -f ej Stifle] 

* #31 <>l£r5Kfield ionization)*!?^ sj-^H^ a^H #e|-2^}7} ^ #7l 

<33> o]^ o] 0.5. ^7fl 2000-262866 A^l U"1H 7]<£^ ^f-^^ ^ 

1^*1 °1^J17> *}±r 71 4-^1 ] 

<34> ttj.^ g. t£v$o) s-^o- jfr^q. ^ ^tg-^o} ^.afl^-g. Sfl^H #<33 

<35> £ ^V^, 203 T14 205 T i- 4^ ^$)^« sfe ^#^7ls. 

<36> o] wj-^, 
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<37> eflo]^ sp£ 378nm«^l «fl^>fe *l] 1 ^^4) 292nm^l 

Sfl^fe *ll 2 ^^Hr^ ^ ^ sj.^ 700nm~1400nm fi$H Sfl^lsRf ^ 3 ^Hr^ 

<38> 1, 2 ^ *ll 3 ^^KM #7] lr#^7Hl ^-g-^ r^j 

<39> (c^H ^-7] ^] i ^sj-^ -4^^ «>t*#b|) (ground stated W€*> 

( 203 T1)» 7^ ^^^S. ^$\%^-^*\<LS. ^^^H, 

<40> ^7} A 2 ^-*Kr ^-71 ^^V^^BH^I l"f-€^>» ^^^BflS. ^ 

<41> *fl 3 ^^HM %7>Kf, ^7) a]7)Q ##^7># <£^S)3. ^o]^ 

<42> ^- 7 1 ^-o]^-^ ^ o]^ ^§>^ cj^l; 

<43> § 3^th=h 

<44> ^- 7l ^ W>^o] ^. ^ §<&^ ^flS. 

i ^2)3 ^^*V^ #31(isotope selective optical pumping : ISOP)^, 

<45> £3 f^^7 r ^^-*>J1 SUfe §o>^ ^7>» o^ 7 ] ^-bHI- 71^ #4? 

71^ Til €4. 
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<46> ^!*4)€:M Su**}*! IS0P» fl^Mfe tf« ^*Hr3 33^*1$ (continuous 
wave: cw)sfl°l*l3- *}-g-*fe ?H w>^-3]^H, *} I SOP* **fl $<&^ §3H^r IE 3 * 

<47> ^ ^"Ol^ # 7 ] ^<S) €^>« °l£r3M7lfe #31^*1, 

<49> o)fg^ ^Jf^Tgofl ^^C}-. 

<50> £ 1^ ^ Sjtt ^^l*>7l fl* ^1^1 7fl^£S.*?, l^r 7>g4] ^*fl 

^■f-^}^-ir ^*l7l*r lr#€^}^ ^3^1 S.^ 800- 1000 Tfrfl-* 7} 

<si> ^>«] lofl ^r#€7>^ 2^ «tLMHEi 341 £)n ZZ. 

£tsl A d4 0 l 100MHz WH^tf. 

<52> O]^ ^f-^Tfl^. <41»#^ ^^^^ *W*l(cW «IM*1) 44] 3*f) § 

^S. (optical pumping)^. 

<53> ^^^l^(cw) *H*i 44] ^sfl W £3 ^fl^dLfc 7>> 

<q^<^^4 cg^o} €^5flo]xi 5 # 641 ^l«fl ^l^S* ^tf. 
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«V^^ I l>°fl W *fl4dfcfe cw ell o]^ 

ofl 3*1) ^ I 2>S o}71S)JL ^ | 2>JL ^7l^ «}1SHMI | 1> a 

^(spontaneous decay)«>7lM- (JE2a), ^ §41 «1 I 3>^S Jg^tKEZb). § 

«?>3#3lSl I 3> 3= 250/zsS. ttfl^l tflJf^-o} ^ 

€^ -2-£fl^«& I 3>§3 o\] ^#7imcf. I 1>S ^ ^-^^ tfA] 

cw 3fl°l*N o}*fl | 2 > <*}7]£H, ^.g. g ^>^] «V^>^ tflJjL^ 

^€^tt 1 3> §33. ^^€4. <^i-sq^ I 2 > 

<^7] Six] QJL yf^Bflofl ^h 7 ] nfl^-ofl S^^H uflJf ^ 

^•^^71^-Bfl I 4 > §fl» 7^ ^ §3*1 I 5> &$\3- %o)£-£\. #t±. 

*# SOOOOcm- 1 ^.^ ^ ^^i^l cg^^l ^^^KC^iOcni- 1 ), § 

^(62p 3 /2 : 7793 cm" 1 ); =lz)JL <^7l^-Bfl (7 2 S 1/2 : 26477. ecm- 1 )^^] ^7.fls>fe ufl-f # 

*11«-<H 6 2 Pi/ 2 §33- 6 2 Si/ 2 §3 ^71 #^-*} 2.^)1= (electric 

dipole moment )7 r nfl^- 6 2 Pi/ 2 7.5nsecS. ufl-f tg-jl, 6 2 Si/ 2 §33- 
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6 2 P 3 / 2 n] (branching ratio)7> t3>^^^- 6 2Si/ 2 a}o| 

6 2 Pi/ 2 3f 6 2 Si/ 2 ^ ^^^d^l ^SRr ^ofl Sfl^Kr 377. 6nm *1 cw 3H*i» 

w €*Mfl-a: looor ^S^H ^Al^ ^-f ^o>^ 

10-3 ol^>ol7l ol <g<3<2} §o_^ ^7l^£(initial 

population)^ ^^^1^1 Ai^^ofl ^cq o>- 3Hc|.. 

iflal °H1 6 2 P 1/2 -> 7 2 Si/ 2 0)25.4. Fg =l -> F e =l ^1 

^4- ^ 1.6 GHz °lul, Fg =0 -> F e =l 3 <3= 1.5 GHz ^cf. 4^ 

^ St 5 ! ^ MHz ^(^ 100 MHz vfl^H €^-a- MA171JL, 

single frequency)^ C w eflo]^^- oj-g-sH 7&°- b). 

£ 4^ F g =l -> F e =l ^MAi-g- #3g^ ^0)^0.3. A]~g-*>ai f #^o] 20mW ^ji z\ 
10 mm 7>-fAl«?> 47] (Gaussian intensity) €-5.* cw *IM*1* Af-g-^H 
3.^33 ^eb^ ^^j. q-Ej-xflji ojo.^, ^ 5^ F g =l -> F e =l 

*3 ^^Aio.s. A>^>j7, f^o] 200mW 91 cw 3H^7> 3^°! 10 mm 91 7}^]9} 
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^ oj^-o] i.6 GHz «a^r ^€dt ^i»£7} ^ fltj-. 

^7Rr wH"^^ a^Hl^S 27fl^(hyperfine splitting)^ ^ 21 GHz£l 
aPl^lf^ S7fl^ ^ 500 MHz^l Ir^H ^^8: 
Sfca §^ ^flsj ^-o]^ a]*J^ ojrf. ait ^ol^ol 292.15nm 

Si 62P3/2 ->72D 3 /2 ^l^ ^ol^o] 291.83 nm 6 2 P 3/2 ->72D5/ 2 ^H-id^l #7l # 

7 2 D 3 / 2 (42011.4cm- 1 )^-?1 ^ 7 2 D 5/ 2 (42049.0cm-l)§^S- ^Tfl <^7H^ 41 ^cj-. n^-sj- 



£ 6^ Nd:YAG ell 3 1064 nm sp^Hl 5fl°H ^#-*J*N 7 2 D 5/2 ^r$^ 3M,g- 
sj. ^^1- Bft+ifl £ 7 2 D 5 / 2 §41^ *<>1£S* 2.7 x 10-17crf 

3- °1 #^ p J-Y-7} 40 raJ/pulse/oif Nd:YAG *fM*1-I- 

7 2 D 5/2 <^7m OT-€*>* 80% <>1#°1 01^.^ «^ ^^1^4. 



<62> °1^ ^(ionization potential, IP)tt ^= 49266.7cm" 1 ^7l ufl§.c1| 

°1^ €^3M*N =L ^m^l^^7> 49266. 7cm" 1 -SSOOOcm" 1 ^ *fl#*Kr 700- 

1400nm S/g-aJSl ^°l^r^-7> 7>^^c|-. 

<63> £ 7 £ t£x$6\) ^ ^0_S. ^H^» ^-ol^-5j.A]7lZL 

T0F(time-of-f light) €^7]S ^o^s} i^S^-fr ^4°!^. 



*i <*M* 33b ^°l^^r ^ 292nm°lt}. 
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AS. ^ ^O^. 203 T1 ^ofl £ ^ofl # 

^■i- 1 kg/year ^ ^-f cw S(M*lfe ^ 500 mW ^ 

f^^-S. 7V^>^, *}<2^ ^ ^= 4W, ^^^d €^ 3H*ife ^= 500 W 3}3E. 

*JH, ^ 5 kHz ^fl^^ 7>^^>t4. °] ^ efl^l^ ^^o^ ^ 

°1 7>^ SH^h 

» °l-§-£M ^fl-S.^ ^lSS. t^o} 203 T1 ^]2:7> 7}^ 3H^h 
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11 

203 T14 205^= £^ ^#^7] 3. ^ *3 ^ 

3*R=- sa«H-H, 

3H*| Al^ofl ^ 4^- 378nm<»fl «f|*iNHf *ll 1 ^^Hr^ #7}, ^ 292nm°fl 
*fl 2 ^ 4# 700nm~1400nm Sfl^SRr *fl 3 =^4^ # 

-8-71 *0 l, all 2 3! *H 3 ^MK^ ^7>S ^71 «#^7H 3-fr*H, 

#7j *l| 1 ^r4^ ^7>7> w>^e}) (ground state)^ ^^7>(203 T1 )^. 

^-71 *fl 2 #*Kr -^7] ^V^tfEflS] l-#^7>» ^7>3] ^^^-BflS <^7l 

^71 *fl 3 ^4^ ^7>7> ^-71 c^7l^ tf#€*H* ^^^S. ^-ol^Al^lfe 

#31; g 

#71 ^Ol^j^ ^ ^^^^ o]^ ^Tfl; 
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2] 

l^°fl Sft^-H. ^71 *f| 1 ^4^ *W-<>1#4 <3#^^ 3H4 

(continuous wave laser H 4*fl ^^^i- Spfe . 

Wt 1 * 3] 

l^H SH'H, #7l ^ Jg^i&zJHr >8-7l *fl i ^4^4 ^>7> #7] M-*4-&^ 
» H>T=j-^BiHAi ol H>^Bfl^ afls.(0HM*H tfl^ oflui^l 26477. 6cm-H^i^ *fl l 
^7]^Bfl» ^ ojlui^l 7793cm-l <HH^ ^^EflS ^4€^-#^3-!l3. 

4] 

l^l SH^i , -^71 2 ^4^r4 #4fe *}uM#4 €^3M*N 4*11 49^* 
^ s}^ 

5] 

1^- 2E^r 4tf <H±^ tt^-ofl SW*!, ^"71 2 =^4^M 4tb ^^^-Bfl 

<HH ^^^-BflS.4 ^7]^ #7] 4^Bfl^ ^1^.(0) *im*Hl ^44 42049cm" 1 

6] 

1*J- 4^ <^i=. ^ *J-oll ^^H, # 7 ] ^] 2 ^4^3 4tb ^^^-Bfl 

^#Bfl3.4 ^7}*= ^7) 4^^fl^ ^JsLCOHl^H tfl*H ^14 42011. 4cm-l 
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13 T 1 ^- 7] 
8] 

^ ^*>» 42049cm-H^^l XI 2 «^7l^<H| B V 

^efl^ X|3.(0HM*H tflaH 49266. 7cra-l~55000cra- 1 <3^f^» * 

n °) ^QSLS.*] ^m%-$r ^SLS. *Kr ^ . 

[3^8" 9] 

1"*^ #7] XI 3 ^*K^ ^Hl 3« ^-°1£:3-#X)^ ^"71 X| 3 

3 ^*}« 3-§-*>^ <Hm*l 42011. 4cm-H^^l Xl 2 Si^ ff€^}t #7l 

^-#31^ X]3.(0HM*H 49266. 7cm" 1 -55000cm- 1 ^lM^l ^<*1 

[^T 1 * 10] 

1^1 Xi^^i , ^"71 #ol£r:M ^f" ^€^°l^r ^#X]*r #7l ^^7} <*fl ^ 
71^ ^17>^H <7^* ^8^3. *Hr 
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[£. 11 




(a) 



(b) 



IS- 2] 




|2> 

2 S mt 26477.6 cm 1 

378 nm 
A=6.3xl0 7 sr 1 

|i> 



X 

a v 



^D^ , 42049.0 cm 1 



292 nm 
A =4.2x10* r 1 



* |5> 

2p 3/2> 7793 cm 1 
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IS. 4] 



(Energy given in MHz) 



=> 2.5 H 

■2 

LH 2 0 -« 

an 

6F 

KhJ 1.5-| 

R0 
3J 

KB 1.0 A 



0.5- 



0.0- 



r 



JL 



o 



if 



r 



1 1 1 « 1— 

5 10 15 

BlIOIXI 0|S(^ii)(Detuning)(GHz) 



20 
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15L 5] 
- § 0.8- 



-Q 




0.0 1 ' I 1 1 > 1 « I ■ I 1 

0 20 40 60 80 100 



ailoiTH oil u xi ii£(mJ/cm 2 ) 
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0 
-5 

§ -10 

■S 

3 -15 
<J -20 

ou 

S -25 



-30 - 
-35 - 



(a) 



(b) 



(c) 




m& (amu) 
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